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Natural antibodies against gelatin have been shown to exist  ~ in the sera of 
many  species  (1).  Recently Courts  studied the  effect of various  treatments 
(thermal and proteolytic degradation)  on the size of the peptide units derived 
from gelatin (4, 5). It was hoped that studies on the effect of similar  treatments 
of gelatin on its reaction with antigelatin  antibodies may throw light  on the 
minimum size of the antigenic unit capable of combining with the antibody to 
cause precipitation or inhibition of its subsequent precipitation by undegraded 
gelatin.  Furthermore,  ff  the  degradation  products  act  as  inhibitors  for  the 
gelatin-anfigelatin reaction it would lend further support to the specificity of 
the gelatin-antigelatin reaction. 
Materials and Methods 
Sera.--Pools of blood were obtained from pigs and horses at local slaughter houses.  After 
obtaining the serum, it was handled with tterile precautions and in addition "merthiolate" 
to a concentration of 0.01 per cent and phenol to 0.25 per cent were added. All sera were stored 
in a deep freeze until use. 
Degradation Studies on Gelatin.--Thermal degradation: A  5  per cent solution of gelatin 
(Knox No. 1481B)  was prepared  in distilled H20.  The pH of this solution was about  6.5. 
Aliquots of the gelatin solution were adjusted to acid pH's with 2 ~  and 0.1  ~  HCI and to 
alkaline pH's with 1.5 N and 0.1 N Na0H. As the desired pH was reached (pH  1-12)  a  3 ml. 
aliquot was removed and placed in a  tube in an ice bath. When the pH's of all the aliquots 
were properly adjusted,  the tubes were sealed and placed in a  75°C. water bath and heated 
for 24 hours according to the procedure of Courts (4).  They were then removed and aliquots 
were diluted with 0.1  x¢ phosphate buffer, pH 7.4 containing 1/10,000 merthiolate. After di- 
lution, the pI-I's of the solutions ranged from 6.0 to 7.8. 
* This investigation was supported  by a  grant  from the Office of the Surgeon  General, 
Department  of the Army,  Contract  No.  DA-49-007-MD-248.  This is publication  No.  134 
of the  Pathology  Department,  University of Pittsburgh  School of Medicine. 
1 For a long time the lack of antigenicity of gelatin was attributed to the absence of tyrosine 
in gelatin. Recently Sela et 02.  (2)  have amplified this concept further by showing that  the 
attachment  of polytyrosyl residues to gelatin enhances its antigenicity. However, the report 
concerning the antigenicity of modified fluid gelatin (3) would seem to suggest that the anti- 
genicity of gelatin may well be enhanced by the reaction with materials other than tyrosine. 
It does not appear necessary to ascribe the poor antigenicity of gelatin to the lack of aromatic 
residues. 
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Acid and Alkaline Hydrolysis.--Gelatin solutions (10 per cent) were prepared  in 3.6 
HC1 and 0.5 lq NaOH. The solutions  were placed in tubes, sealed, incubated at 37°C. for a week, 
and then adjusted to pH 7 (6). 
Completely hydrolyzed gelatin was prepared by autoclaving 50 rag.  of gelatin in 1 ml. 
of 6 N HCI for 8 hours in a sealed tube. After hydrolysis the pH of the mixture was adjusted 
with 0.1 M phosphate buffer pH 7.4 to a concentration of 1 mg./ml. 
Enzyme Hydrolysis (5).-- 
A. Trypsin: To 100 ml. of a 5 per cent solution of gelatin adjusted to pH 8.0 was added 
0.04 gin. of crystalline trypsin.* The mixture was incubated at 27  °. Aliquots were removed at 
5, 15, 30, 45, and 60 minutes, adjusted to pH 5.0, and placed in the cold to stop the reaction. 
In some experiments soy bean trypsin inhibitor was added to stop the reaction. 
B. Chymotrypsln:~ To 100 ml. of a 5 per cent gelatin solution 0.06 gin. of chymotrypsin 
was added and incubated at 27°C. Aliquots were removed at 15, 30, 45, and 60 minutes, 2, 4, 
and 6 hours after the reaction and adjusted to pH 5.0. 
C. Peps'in.'* 100 ml. aliquots of a  5 per cent solution of gelatin were adjusted with 6 N 
HC1 to pH 1.7, 2.0, or 2.5. To eachwas added 0.05 gin. crystalline petmin. The solutions were 
incubated at 37°C. for 1, 2, 4, 6, 8, and 24 hours and then aliquots diluted with pH 7.4phos- 
phate buffer containing merthiolate. 
D. CoUagenase: A preparation of coliagenase  K-267 kindly supplied by Doctors I. Mandl 
and J. D. M~an  was incubated with gelatin in a pH 7.4 phosphate buffer at 37°C. (0.05 
nag. enzyme/25 rag.  gelatin). Aliquots were removed at 1, 2, 3, 4, and 5 hours. As controis 
for the above treatment.%  appropriate mixtures of gelatin without enzyme were  incubated. 
Mtcr dilution to approximately 100 #g. N/ml. the concentration of N in the samples was 
determined by the Markham modifieation of the micro Kjeldahl procedure (7). 
Ge/a~/on Slud/,s.--After neutralization, the various concentrated gelatin solutinns were 
placed in a cold room (0-5  °) for 16 to 24 hours. The appearance of the gel was then observed 
and the tubes allowed  to remain at room temperature (25°C.) for 4 hours. The behavior of 
the gel was observed again. The behavior of some ~mples was also observed without neutrali- 
zation of the pH. The effects of pH on the gel were similar to the observations of others and 
are not recorded in the tables. 
Immunockemical Stad@a.--Various dilutions of the  untreated and treated  gelatins and 
appropriate controls were added to previously calibrated antisera. After 8 days' incubation 
at 0°C., the precipitates which formed were centrifuged off, washed, and analyzed by the 
Folin-Ciocalteu  reagent (8). To the supernatants of the original reaction untreated gelatin was 
added, incubated, and analyzed as described above. 
The extent of inhibition  was determined by comparing the mount of antibody precipitated 
in the experimental situations with the amount precipitated by gelatin set up simultaneously. 
Inhibition reactions were set up in the regions of antibody excess, the equivalence zone, and 
antigen excess. 
Ninh~lrin Analys/s.--The ninhydrin method of Moore and Stein (9)  was employed to 
measure the extent of degradation (average molecular size)  of the gelatin preparations. A 
calibration  curve  obtained  with  leucine  was  used  for  measuring the  increase  in  amino  N during 
hydrolysis.  An average  molecular  weight of  58,000  was  assumed  for  the  original  gelatin.  This 
was in agreement with the  work of Courts (4).  Optical  densities  were read both at 570 and 
440  mp (preline  and  hydroxyproline). 
Trypsin Lot  No. T427 Worthington  Biochemicals  containing  Mg SOd. 
a  Chymotrypsin, Nutritional  Biochemical  Lot  No. 8236 (salt-free). 
4  Pepsin,  Nutritional  Biochemical  Lot No. 9549 2 x crystallized. PAUL H.  MAUR.ER  127 
Gelatin standards were always run with the hydrolyzed materials. The optical density 
of the gelatin (control) solution was subtracted from the values obtained with the degraded 
materials and  converted into  leucine equivalents. The average molecular weight was de- 
termined as described in other publications (10, 11). These values are admittedly approximate 
but are helpful to make comparative studies with the various gelatin fractions. There was no 
increase in the O.D. at 440 mg indicating no cleavage at the proline or hydroxyproline bonds. 
TABLE I 
E~tcJ of lncubal~on (75°C., 24 Hours)  ca Varying  pH on Some Properties of Gdalln 
Gelling properties  Immunochemical 
reactions 
pH before  pH after 
treatment  treatment 
1.0  1.3 
2.0  2.9 
3.0  3.8 
4.0  4.4 
5.0  .5.2 
6.0  6.2 
7.3  7.1 
9.0  8.5 
10.0  9.5 
11.0  10.1 
12.0  10.5 
Observed  after 
neutralization and 
16 hrs. at O°C. 
Fluid 
Fluid 
Fluid 
Strong gel 
Strong gel 
Strong gel 
Strong gel 
Strong gel 
Strong gel 
Viscous flow 
Fluid 
Observed  after 
4 hrs. at 25°C. 
Fluid 
Fluid 
Fluid 
Fluid 
Viscous flow 
Strong gel 
Strong  gel 
Strong  gel 
Fluid 
Fluid 
Fluid 
Average 
3,000 
5,000 
7,000 
19,000 
45,000 
50,000 
50,000 
45,000 
28,000 
9,000 
5,000 
Predpi- 
tatlon 
per  rest 
0 
0 
0 
40 
16O 
100 
16O 
100 
6O 
3O 
0 
Inln"oition 
by super- 
natant 
(as x's)* 
65 
100 
100 
9O 
I00 
I00 
50 
* ag x's, antigen excess. 
RESULTS 
The results of the experiments with 3 pools of pig serum and 1 pool of horse 
serum, were quite similar, and data obtained with a representative pig serum is 
presented.  Table I  presents the data on the preparations heated at  75°C.  at 
various pH's. 
From the physicochemical and analytical data presented it is apparent that 
gelatin was not altered significantly when heated at pH 5-9. On either side of 
this pH range substantial degradation of gelatin occurred which was reflected 
by a  progressive loss in the precipitation and inhibition behavior of the anti- 
gens. The changes in pH's during heating and the average molecular weight of 
the degraded gelatins were similar to those reported by Courts (4). 
Not all of the quantitative data on both the precipitation and inhibition of 
precipitation  obtained  over the  entire range of the  precipitin curve are pre- 
sented. The per cent precipitation refers to the maximum amount of antibody 
which could be precipitated with respect to the theoretical amount of antibody 
which was present. The per cent inhibition refers to the data obtained with the 128  TREATMENTS OF  GELATIN AND PRECIPITIN REACTION 
various degraded gelatins employing concentrations of N  which coincided with 
the regions of far antigen excess (100 #g. N  gelatin added). 
The gelatin solutions which were hydrolyzed by strong acid and alkali and 
have been shown to consist essentially of di- and tripeptides  (6)  neither pre- 
cipitated antibody, nor inhibited the subsequent precipitation of the antibody 
by  gelatin.  Concentrations  as  high  as  10  to  100  times  equivalence  had  no 
measurable inhibitory effect) 
TABLE II 
EJerl oJ Treatmenl ~th  Trypsin,  Chymotrypsin, and Pepsin on Some Properties of Gdatin 
Reaction  Enzyme  time  Observed after 
neutralization and 
16 hrs. at 0"C. 
Gelling  properties 
m/m. 
Frypsin  5  Fluid 
~hymotrypsin  15  Strong gel 
30  Strong gel 
60  Viscous flow 
120  Fluid 
240  Fluid 
360  Fluid 
hrs. 
Pepsin  1  Strong gel 
2  Strong gel 
4  Strong gel 
6  Strong gel 
8  Viscous  flow 
24  Fluid 
~ontrols  24  Strong gel 
Immunochcmicai 
reactions 
Inhibitim 
Observed after  Average  Precip[-  by super- 
4 hrs. at ZS°C.  ~  tation  natant 
(.s  x's)* 
Fluid  7,000  0  0 
Fluid  40,000  0  70 
Fluid  0  65 
Fluid  20,000  0  50 
Fluid  10,000  0  40 
Fluid  7,000  0  40 
Fluid  6,000  0  40 
Fluid  40,000 
Fluid 
Fluid 
Fluid  16,000 
Fluid  18,000 
Fluid  9,000 
76  0 
76  0 
47  0 
32  0 
24  0 
0  0 
Strong gel 
* ag x's, antigen excess. 
The action of the various proteolytic enzymes on some of the physicochemi- 
cal and analytical properties is presented in Table II. It is seen that even a  5 
minute exposure to trypsin has greatly altered the properties of gelatin.  The 
solutions  (5 per cent) no longer formed a  gel in the cold and the products of 
this hydrolysis did not react at all with the antibodies against gelatin. A similar 
action was shown by the preparations treated with collagenase. 
6 It is interesting to note that none of the pepfides isolated so far from oxidized  ribonuclease 
inhibited  the ribonuclease-antiribonuclease reaction. (Personal communication from  Drs. 
R. K. Brown and L. Levine.) PAUL 5.  ~AtraEl~  129 
The action of chymotrypsin was interesting. Although the samples obtained 
up  to 45  minutes  were gels  at  0  °,  they became fluid  at room temperature, 
whereas the control preparations were still solid gels. Furthermore, none of the 
chymotrypsin-treated gelatins precipitated antibody in the initial reaction. In 
the region of antibody excess where 15 to 20/~g. N  of hydrolysis product were 
added to 3.0 ml. of serum no inhibition of precipitation was observed. However, 
in the region of antigen excess where 30 to 100 #g. N were added, up to 70 per 
cent inhibition  was consistently observed. With increased enzymic action  (3 
hours) the extent of inhibition decreased to 40 per cent. 
The action of pepsin on gelatin was slow at all pH's. With increasing action 
of the enzyme on the gelatin,  the precipitin reaction with antigelatin decreased. 
However, here, in contrast with the behavior of the thermally degraded and 
chymotrypsin-treated  gelatin,  there  was  no  significant  inhibition  by  the 
supernatant mixtures of the gelatin-antigelatin reaction. 
DISCUSSION 
The data presented emphasize  again the specificity of the gelatin-antigelatin 
reaction. Although it was previously shown that gelatin was indeed incorporated 
into the precipitate (12), the rapid loss of reaction of gelatin after treatment by 
trypsin or collagenase,  enzymes which are known to destroy it rapidly, confirm 
the latter observations. 
These studies also show that  (a)  there is a  definite  limiting  molecular size 
necessary for the reaction of gelatin with its antibody, (b) molecular fragments 
of the same size do not necessarily have the same reactivity or inhibition be- 
havior. 
From the information presented with the thermally degraded gelatins,  (where 
apparently a random cleavage of peptide bonds has occurred) it is seen that 
an average molecular size of about 9,000 is necessary for some precipitation to 
occur.  It  is realized  that  this  figure  represents  only the  average  molecular 
weight and that the precipitation may be due to the small  amounts of higher 
molecular weight fractions.  Further  studies which are contemplated  on  the 
fractionation of the peptides will help answer this question. In all cases with 
the thermally degraded materials, a reaction with antibody was demonstrated 
either by an initial precipitation or by subsequent inhibition of precipitation 
with  untreated  gelatin.  However the  situation  was  different  after  trypsin, 
pepsin, or coUagenase treatments. It appears that the small molecular fragments 
produced by these enzymes do not have the requisite amino acid composition 
for the reaction to occur. This would indicate that the antibodies are directed 
against definite configurations  on the gelatin molecule and that these enzymes 
have affected certain requisite groupings in the reactive sites. 
Courts has shown (5) that the primary specificities of the enzymes as determined 130  TREATMENTS  OF  GELATIN  AND  PRECIPITIN  REACTION 
by the N-terminal Rmiuo acids released during the degradation of gelatin are  as 
follows:  trypsin,~glycine;  chymotrypsin,--no  specificity; pepsin,~alanine  and 
val/ne. Trypsin with a  primary specificity for glycine residues (5), destroyed the 
reactivity of the gelatin the most, whereas chymotrypsln which did not have any 
unique primary specificity for glycine-produced fragments which reacted with the 
antibody. According to Courts, chymotrypsin produced small molecular fragments 
having all the N-terminal residues present in similar proportions as in the undegraded 
g~tm (5). 
This seems to account for the good inhibition shown by the fragments of 
even 6,000 molecular weight obtained from chymotrypsin treatment compared 
to the lack of reaction by even larger peptides derived from pepsin or trypsin 
treatments. Although it would appear from these data that chymotrypsin has 
produced what may be called "small gelatin (antigen)  molecules"  during the 
initial hydrolysis, other changes must have occurred to account for the loss of 
precipitation after only 15 minutes reaction with the enzyme. The molecular 
fragments of 40,000 produced in this case did not precipitate the antibody at 
all, whereas fragments of 20,000 molecular weight, produced by thermal degra- 
dation, precipitated about 50 per  cent of the  antibody. The nature  of the 
changes produced by chymotrypsin to account for this behavior are still to be 
studied. However,  whatever these changes,  they were  also  reflected  in  the 
change in gelling properties  of the treated gelatin.  The subtle structure which 
is necessary for gelation to occur appears  to have been destroyed. 
It  is  known that  not  only  molecular size  but also  specific  amino acid  sequences 
or molecular patterns in the antigen are necessary for the antigen-antibody 
reaction  to occur and the present data confirm the above view. 
The peptides produced by hydrolysis with strong acid or alkali  could not 
inhibit  the gelatin-antigelatin  reaction.  All of the peptides isolated  from such 
treatments have glycine or alanine as a terminal amino acid (6). In view of the 
above mentioned action of trypsin on gelatin,  the absence  of inhibition by 
these peptides was not unexpected. 
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SUMMARY 
The effects of physical and enzymatic treatments of gelatin on the gelatin- 
antigelatin reaction have been presented.  The data obtained indicate that the 
gelatin-antigelatin reaction is indeed a specific one. It appears that a definite 
limiting molecular size and specific molecular pattern of this molecular unit are 
necessary for reaction with antibody. PAUL n.  ~IAm~ER  131 
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